Tuberculosis (TB) is one of the oldest human infectious diseases and one third of the world's population is latently infected. Brazil is an endemic area for TB. One of the most important challenges in TB control is the identification of latently infected individuals. Health Care Workers (HCW) are at high risk of being infected with Mycobacterium tuberculosis and even to become TB latently infected. The aim of this study was to increase knowledge about humoral immune response in TB latently infected individuals. HCW were classified according to their tuberculin skin test (TST), as positive or negative. The antibody response to GLcB, MPT51 and HSPX from Mycobacterium tuberculosis was evaluated. TST negative HCW constituted the majority of those who showed a humoral immune response. Antibody levels varied according to antigen characteristics, TST and BCG status. We suggest that possibly the presence of those antibodies could have a function in the protective immune response against Mycobacterium tuberculosis.
Since antiquity, tuberculosis (TB) has remained a serious public health problem, claiming the lives of 1,700,000 people in 2004 [1] . It is caused by intracellular bacilli Mycobacterium tuberculosis and lungs are most frequently affected organs [2] .
In vitro cultures of M.tuberculosis, which mimics the environment found by this agent in human host, shows that these bacilli produce and release many proteins into the extracellular environment [3] . Some of these proteins have been identified and tested for their ability to induce an immune response in mice and humans [4, 5] . GLcB (malate synthase), MPT51 (FbpC1) and HSPX (alpha crystalline) are some of the proteins produced by M.tuberculosis in such conditions.
GLcB is an enzyme that catalyses carbon assimilation by the glyoxylate shunt pathway [6] and seems to be involved in M.tuberculosis virulence [7] . MPT51 is a non-catalytic α/β hydrolase that may be involved in M.tuberculosis adhesion mechanisms [8] . HSPX is a chaperone involved in maintaining the integrity of bacilli cell wall [9] . These antigens were chosen for this study, because these proteins are expressed in the early stages of infection [3] , are recognized by both healthy infected individuals and patients with active tuberculosis [10, 11] , and their possible use in immune diagnosis have been studied [12] [13] [14] [15] .
Nonetheless, only 5% of infected individuals become ill, the other 95% of infected individuals remain asymptomatic. TB latently infected individuals are those who were exposed, respond to PPD (purified protein derivative, used in the tuberculosis skin test) and do not present any symptoms of the disease. Health care workers (HCW) are more frequently exposed to infectious agents, such as M.tuberculosis, than general population, so they are more likely to become TB latently infected individuals [16] .
The TST positivity is high among HCW in developing countries [17] [18] [19] and this correlate with high prevalence of latently infected individuals and high risk of getting TB in such countries [20] . However, the majority of the HCW, despite their latent infection, do not become sick [17, 21] . Knowledge of their humoral immune response is limited. Several mycobacterial antigens are recognized by human antibodies [5, 12, 13, 15, 22] . Some studies have also shown that there is an effective role for antibodies against intracellular pathogens [23, 24] .
The aim of this study was to increase knowledge of humoral immune response in latently infected individuals. We analyzed antibody response of TB latently infected HCW against antigens GLcB, HSPX and MPT51. We showed that the majority of the HCW present antibodies (IgM/IgG) against at least one of the three tested antigens.
Material and Methods

Health Care Workers
Individuals were recruited from Anuar Auad Hospital (Anuar Auad Tropical Disease Hospital, HDTAA) in Goiânia, Goiás, Brazil, between June 2001 until June 2004. HDTAA is one of the TB treatment reference center in Goiás. The inclusion criteria were as follows: work schedule of at least 20 hours/week, age greater than 18 years, any sex or race, free from chronic disease or pregnancy and a negative HIV test. Serum samples were taken from 299 HCW from all clinical settings, including ambulatory, administration, nursery, surgery units, laboratories, laundry, nutrition and pharmacy. Samples were stored at -20 0 C until further use. All participants were classified by TST (2 UI -PPDRT23, Statens Serum Institute, Copenhagen) as positive (≥10 mm) or negative (<9mm). Individuals who had positive TST were considered in this study as TB latently infected. In the cohort of 299 HCW, 122 were TST positive and 177 were TST negative. BCG status was certificated by the presence of a vaccinal scar on the upper right arm. Most of the participants were women presenting an average age of 48 years, were BCG vaccinated and they had been working in public health for at least 11 years. Socio-demographic characteristics of the HCW cohort are shown in Table 1 . The HDTAA Ethics Committee approved this study and all individuals provided written and informed consent prior to their participation. All individuals were healthy at the time of the study.
Mycobacterium tuberculosis Antigens (GLcB, MPT51 and HSPX)
Recombinant protein antigens were produced by the Colorado State University and provided to Universidade Federal de Goiás by a MTA-NO1-Al -75320. The recombinant proteins were produced according to previous studies [3, 6, 25, 26] .
Enzyme-Linked Immunosabsorbent Assay (ELISA)
Recombinant antigen (50 µL, 2.5 µg/mL, in sodium carbonate pH 9.6) was used to coat the ELISA plates (NUNC). The plates were blocked with PBS/1% fat-free milk for 2 hours at 37 0 C. Sera were diluted 1:200 for IgM and 1:400 for IgG in PBS/0.05% fat-free milk, and 50 µL of the dilution was added to each well and incubated at 37 0 C for 2 hours. Anti-human immunoglobulin against both IgM and IgG conjugated with peroxidase (Bio-Rad) was diluted 1:3000 for IgM and 1:15000 for IgG in PBS/0.05% fat-free milk. Fifty µL of these dilutions were added to each well and then incubated for 1 hour at 37 0 C. Fifty µL of developing solution (5mg/mL ortho phenyl toluidine+H 2 0 2 +citrate-phosphate buffer ph 5.0) was added to each well and left in the dark for 15 minutes. After stopping the reaction with 50µL of 4N H 2 SO 4 , the plates were read at 492 nm using a Thermo Systems Multiskan instrument. Between all incubations, the plates were washed six times with PBS/0.05% Tween 20.
The cut off was determined as follows: sera from eight healthy individuals with negative TST, who were not HCW, and to their knowledge never contacted TB or leprosy patients was used as a negative control, and the results of the optical density for each antigen and immunoglobulin were determined. The cut off was determined as the average of the optical densities to all tested antigen plus two standards deviation. Thus for IgM, optical densities above 0.300, and for IgG optical densities above 0.350 were considered positive.
Statistical Analyses
ANOVA and Student's t test were used to analyze the results. Significance was defined as p < 0.05.
Results
Health care workers (HCW) presented antibody response to M.tuberculosis antigens. Essentially 99% of HCW (296/ 299) had IgM antibodies against GLcB, of those 59.5% were TST-negative. A slightly lower proportion of HCW (90%, 269/ 299) presented IgG antibodies against GLcB, of those 58% were TST-negative. The levels of both IgM and IgG antibodies against GLcB were similar between TST-negative and positive HCW (Figures 1a and 1b) .
Regarding HSPX, 95% of HCW (285/299) presented IgM antibodies against it, of these 59% were TST-negative. TSTnegative HCW showed slightly higher levels of IgM than TST-positive HCW (p < 0.05) (Figure 1c) . When IgG against HSPX was evaluated, only 10% of HCW showed antibodies (30/299). Of those 57% were TST-negative and 43% TSTpositive. Levels of IgG against HSPX were similar between TST-negative and TST-positive HCW (Figure 1d ).
Only one of HCW (1/299) presented IgM antibodies against MPT51 and this individual was TST-negative. One hundred and forty six HCW (49%) had IgG antibodies against MPT51, of which 61% were TST-negative (Figures 1e and 1f) . Levels of IgM and IgG were different for HSPX dosages, in this case IgG levels were higher than IgM.
About 77% of HCW were BCG-vaccinated (199/299). To determine whether BCG vaccination affected antibody's production, antibody levels were compared between BCGvaccinated and BCG non-vaccinated HCW. In spite of antibody's class, or antigen, antibody levels were similar between those two groups. Table 2 shows the means and standard deviations (sd) of antibody's levels against GLcB, HSPX and MPT51.
Discussion
In this study most of the HCW showed antibodies (IgM/ IgG) against at least one of the three tested antigens. The dominance of individuals presenting antibodies was among TST-negative ones. Antibody levels were similar between TST positive and negative HCW for IgM against GLcB, and also similar for IgG recognizing GLcB, HSPX and MPT51. Regarding IgM against HSPX, TST negative HCW had higher antibody levels than positive TST HCW. Only one negative TST HCW presented IgM antibodies against MPT51. Antibody's levels were also similar between BCG vaccinated and BCG nonvaccinated individuals.
All participants were classified according to their TST status. Tuberculin skin test is used for more than a century, and despite its limitations [27] , still is a useful tool to identify TB latently infected individuals. Surprisingly, HCW who did not respond to PPD, and consequently were not infected, showed antibodies against M.tuberculosis antigens. This contradiction maybe due to the fact that some individuals may not react to PPD [28] or this 'false' negative TST may be due some immunosuppressive conditions [29] .
It is expected that in a TB endemic area, like Brazil, several individuals would be TST positive, as we found here in our study. Farhat and colleges [30] showed that BCG has little influence on TST status (in adults persons, for instance), and non-tuberculous mycobacteria are not an important cause of false-positive TST. The results are shown as average and standard deviations of ELISA optical densities.
The majority of individuals that presented humoral immune response against the mycobacterial antigens used in our study were TST negative. The influence of non-tuberculous mycobacteria on humoral immune response cannot be excluded [31] . In fact, studies have shown that healthy individuals do present antibodies against non-tuberculous mycobacteria that may cross react with some M.tuberculosis antigens [32] [33] [34] . Additionally, there is a great difference between the immunological principles of the above-mentioned techniques where TST is based on a cellular response and antibody is based on a humoral response.
Samanich et al. [34] found that tuberculosis patients smear positive or negative, with cavitary or noncavitary disease and healthy controls showed a homogenous antibody response against some mycobacterial antigens (including GLcB and MPT51). Lyashchenko et al. showed that tuberculosis patients presented different levels of antibody response against some recombinant M.tuberculosis antigens [13] . The difference between these two studies is that in the first one, sera from all subjects was pre-absorbed with E.coli lysates to reduce crossreactivity with non-tuberculous mycobacteria antigens. In our study we used recombinant antigens, but like Samanich et al. study, we obtained an antibody response despite the individuals (HCW) were not sick.
Malate synthase, GLcB, initially was characterized as an important enzyme of the glyoxylate shunt involved in carbon assimilation as energy source to bacilli [6] . Later it was described that GLcB is also an anchorless adhesin that may contribute to bacilli virulence [7] .
Antibody immune response to GLcB has been associated to tuberculosis patients [12, 15, 34] . It was also shown that this protein could be a marker for incipient subclinical tuberculosis in HIV + TB -individuals, which are at high-risk for TB [35] . Like GLcB, MPT51 is also an adhesin but its binding is associated to fibronectin and small sugars [8] . Likewise GLcB, MPT51 also has been associated with antibody immune responses in tuberculosis patients [11, 13, 15, 34, 36] . HSPX is a heat shock protein produced by bacilli at early stages of infection [9] . HSPX have been related to distinguishing TB patients from healthy latently infected individuals [37] and previous from recent TB latently infected individuals [10] . The roles played by GLcB, HSPX and MPT51, helping M.tuberculosis survival when active disease is developing or ongoing, can explain the presence of antibodies against it in TB patients, however, we showed in this study that antibodies against GLcB, HSPX and MPT51 were also present in healthy HCW. Therefore, it is hard to justify the anti-antigen presence in negative TST HCW. The shadow of non-tuberculous mycobacteria cross reaction rise again.
BCG vaccinated and non-vaccinated HCW showed similar levels of IgM and IgG against GLcB, HSPX and MPT51. Our HCW were vaccinated at birth so seems improbable that BCG has some influence on antibody production in these HCW.
Ota and colleagues showed that BCG vaccination affects antibody level most in newborns [41] . Nabeshima and colleagues showed that previous vaccination with BCG had no significant effect on antibody levels [42] . Moreover, Drowart and colleagues analyzing the effect of BCG on antibody production showed that IgG level was increased only when P64 and not P32 was used as purified antigen, suggesting that individual characteristics of each antigen may have a role too [43] .
Conclusion
In this study, despite inter individual differences, nearly 50% of participants possessed IgM or IgG antibodies against GLcB, MPT51 and HSPX from M. tuberculosis. TST negative HCW constituted the majority of those who showed a humoral immune response. We suggest that maybe those antibodies could play some role in immune response against M.tuberculosis, thus HCW maintain healthy on hostile environment.
